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Chapter 3
The Khorassan-Kopet Dagh Mountains

Farshid Memariani

Abstract The Khorassan-Kopet Dagh Mountains are mainly east-west oriented
ranges in the northeastern Iran. The climate of the area is continental and distinctly
drier than the nearby mountain ranges. A total of 2576 species or infraspecific taxa
belonging to 702 genera and 112 families are recorded from these mountains. It is
known as a separate floristic province and is a transitional zone between the differ-
ent phytogeographical units of the Irano-Turanian region. Near to 65% of the spe-
cies are Irano-Turanian elements, and the level of endemism is about 14%. In spite
of the uniform and dry climate of the Khorassan-Kopet Dagh, the heterogeneous
topography supported the diverse vegetation types in the region. The major vegeta-
tion types of these mountains are Hyrcanian montane forests, Juniper woodlands,
Pistacia woodlands, mesophilic shrublands, montane steppe shrublands, subalpine
thorn-cushion communities, Stipa-Artemisia steppes, chasmophytic vegetation,
edaphic vegetation, halophytic vegetation, psammophyte vegetation, wetlands, and
ruderal vegetation. In recent decades, extensive urbanization and industrialization
caused dramatic degradation in the natural ecosystems and the biodiversity of the
Khorassan-Kopet Dagh. Almost all populations of endemic taxa outside the pro-
tected areas are severely threatened and need to be protected.
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3.1 Introduction

The mountainous area of the Khorassan-Kopet Dagh (KK) is located mainly in
northeastern Iran and partly extending into the neighboring parts of southern
Turkmenistan. The KK area lies between 3420" and 39°13” N latitude and 55°05’
and 61720” E longitude, and has a surface area of ca. 165,000 km?. It is delimited
sharply in the north and northwest by the Kara-Kum desert; in the east by the Iran-
Turkmenistan border along the Tajan River and western Badghyz and partly by the
Iran-Afghanistan border along the Harir-Rud River and the western extension of the
Paropamisus Range; and in the south and southwest by the central Iranian deserts.
To the west, the area is connected partly to the Gorgan plain and Turkman-Sahra salt
desert, and partly to the eastern extension of the Alborz mountain range and the
Hyrcanian forests of the ES region. There are several east-west oriented mountain
ranges in the area (Fig. 3.1). The Kopet Dagh range is located in the northernmost
part of the area and stretches from the northwest in Turkmenistan to the southeast in
Iran, traversed by the Tajan River forming the Iran-Turkmenistan border. Chapan-
dag (2889 m a.s.l.) and Shakh-Shakh Mountain (2912 m a.s.1.) are the highest peaks
of the central Kopet Dagh in Turkmenistan (Kamakhina 1994; Rustamov 2012).
The Iranian part of the Kopet Dagh range, its central and eastern areas, includes the
high peaks Hezar-Masjed (3106 m a.s.l.) and Allaho-Akbar (2676 m a.s.l.). The
northern ranges of Khorassan run parallel to the Kopet Dagh and are constituted
mainly by the mountains Binalood (3301 m a.s.l., the highest peak in the KK),
Shah-Jahan (3062 m a.s.l.), Salook (2956 m a.s.l.), Ghorkhod (2771 m a.s.l.) and
Aladagh (2763 m a.s.l.). The Sabzevar and Kashmar-Torbat ranges are oriented
mainly east-west at the southern border of the KK, where Bezq (2940 m a.s.l.) and
Kuh-e Gar (2937 m a.s.l.) are the highest peaks. There are several low and high
plains as well as foothills in the area between these main mountain ranges
(Memariani et al. 2016a). The isolated Bolshoi Balkhan range (up to 1883 m a.s.l.)
forms the northwestern periphery of the Kopet Dagh and is surrounded by the sand
deserts east of the Caspian Sea (Kurbanov 1994). The vegetation of the Bolshoi
Balkhan is quite peculiar in its structure, composition and outlook, and does not
repeat that of the Kopet Dagh (Proskuriakova 1971).

The KK is considered as a separate floristic province within the IT region. The
area is actually a transitional zone and a corridor connecting different phytogeo-
graphical units of the IT region, i.e. the central Iranian deserts, the Aralo-Caspian
(Turanian) deserts, the Central Asian, Afghanistan, and Alborz Mountains, and also
the Hyrcanian province of the ES region. The area might have been isolated in ear-
lier geological times, resulting in allopatric speciation of many related species of the
surrounding area. The separate biogeographic identity of the KK has been empha-
sized by several plant geographers (Fet 1994b; Takhtajan 1986; Kamelin 1970;
Kamelin 1973; Meusel et al. 1964, 1978, 1992).

There are extensive floristic data on Khorassan published in connection with the
Flora Iranica (Rechinger 1963-2015), Flora of Iran (Assadi et al. 1988-2018), and
several local floristic studies (e.g. Akhani 1998, 2005; Ghahreman et al. 2006;
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Fig. 3.1 Geographical delimitation and topography of the KK floristic province in northeastern
Iran and partly in southern Turkmenistan and the climatic diagrams from different regions

Gholami et al. 2006; Memariani et al. 2009, 2016c¢; Saberi et al. 2010; Amiri and
Jabbarzadeh 2011; Atashgahi et al. 2018). Since the publication of the Flora Iranica,
many new species have been recorded for the flora of Khorassan or newly described
from the area and listed in a series of papers as supplements to the Flora Iranica
(Ghahremaninejad et al. 2005, 2010, 2012; Joharchi et al. 2007, 2011). The Turkmen
part of the KK province was floristically explored in the course of the preparation of
the Manual of Plants of Turkmenistan (Nikitin and Geldikhanov 1988). Memariani
et al. (2016a) provided a comprehensive and up-to-date evaluation of the plant bio-
diversity, distribution patterns, and biogeography of the whole area of the KK
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floristic province. Memariani et al. (2016b) determined a level of about 14% ende-
mism and showed the Red-Listing and clear distribution patterns of the endemic
species in the area. However, the province is strongly influenced by the flora of the
surrounding mountains and deserts, in particular by Central IT elements (Memariani
et al. 2016a). Actually, the KK is part of the Irano-Anatolian mountain system,
which is recognized as one of the 35 so-called hotspots of biodiversity in the World
(Mittermeier et al. 2011).

3.2 Geology

A detailed geological description of the KK was carried out by the National Iranian
Oil Company (NIOC) during the 1960s and 1970s (Kalantari 1969; Afshar-Harb
1969, 1979; Hubber 1976). The Northern Khorassan and Kopet Dagh sedimentary
basin formed after the closure of the Paleotethys Ocean and the convergence of the
Iranian and Turanian plates following the Middle Triassic orogeny. Relatively con-
tinuous sediment deposition took place in this basin from the Jurassic through the
Neogene (Berberian and King 1981; Afshar-Harb 1994). The Jurassic sediments in
the basin are divided into Bashkalateh, Chaman-Bid and Mozduran formations
composed mainly of sandstones, limestones, marls, and dolomites. The Cretaceous
sediments include nine formations, i.e. the Shurijeh, Tirgan, Sarcheshmeh,
Sanganeh, Aitamir, Abderaz, Abtalkh, Neyzar and Kalat, composed of sandstone,
conglomerates, marl, mudstone, and dolomite. The sedimentary structure of the
Paleogene is composed of different formations, including the Pesteligh, Chehel-
Kaman, and Khangiran (Hubber 1976; Haghipour and Aghanabati 1989). The thick-
ness of these sediments is normally 4 km and reaches up to 9 km in the Iranian
portion but only about 2.5 km in the eastern parts, indicating that the Sarakhs area
was more stable than the other areas of the basin (Afshar-Harb 1979). The Kopet
Dagh basin was folded during the Paleogene and created many anticlinal traps, such
as those that contain the Khangiran and Gonbadli gas fields in NE Iran (Mahboubi
et al. 20006).

Sedimentary rocks constitute much of the continental crust of KK, especially in
the Kopet Dagh range. Binalood is composed mainly of metamorphic rocks in its
central and eastern parts and partly of sedimentary rocks in the western parts.
Igneous and ophiolitic rocks occur widely in the Sabzevar and Kashmar-Torbat
ranges. The main plains of the KK are composed of Quaternary deposits. The entire
area is characterized by high seismic activity.
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3.3 Climate

Due to distance from the oceans, the climate of the area is distinctly continental and
drier than the nearby mountainous areas (Fig. 3.2). Based on available data, the
mean annual precipitation usually is 175-300 mm in the plains and foothills and
300-380 mm in the high mountains. However, less precipitation falls in the transi-
tional zones between the Karakum desert in the north and the central Iranian deserts
in the south, and higher precipitation is expected in isolated areas of montane oak
forest (Quercus castaneifolia) in the humid valleys of the western Aladagh range in
North Khorassan. The precipitation has an uneven annual distribution throughout
the area and falls predominantly in late autumn, winter and early spring, from
October to May (Memariani et al. 2016a). A prolonged summer drought (from June
to September) is common (Fig. 3.1). The highest mean monthly air temperatures
occur from June to August. The maximum temperature in the warmest month rarely
exceeds 45 °C. The lowest mean monthly temperatures are from December to
February, with cold-month average minima below freezing point and down to
—25 °C in high mountains (Djamali et al. 2011).

Using the Bioclimatic Classification System (Djamali et al. 2011) and its
improved version (Djamali et al. 2012), most of the KK mountain area is covered by
a Mediterranean or Irano-Turanian xeric-continental bioclimate, except for the high
mountain areas in the central KK, where a Mediterranean or Irano-Turanian pluvi-
seasonal-continental bioclimate can be found with shorter summer droughts and
higher annual precipitation values (Fig. 3.1). An Irano-Turanian desert-continental
climate covers mainly the eastern KK lowlands and part of the Daregaz low plains
in the northern part of the area, with a much longer dry season that lasts at least
8 months (Fig. 3.1).
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Fig. 3.2 A transect of mean annual precipitation (mm) from the Western IT (Anatolia) to the
Eastern IT (the Middle Asian Mountains) region along 38° N latitude, showing the position of the
Kopet Dagh Mountains. (After Memariani et al. 2016a)
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3.4 Flora and Phytogeography

3.4.1 Plant Diversity

The vascular flora of the KK floristic province includes a total of 2576 species or
infraspecific taxa belonging to 702 genera and 112 families. The Dicots as the most
diverse plant group are composed of 84 families, 562 genera and 2145 species
which comprise 83.2% of the total flora. The Monocots, with 21 families, 130 gen-
eraand 409 species, comprise 15.9%. The least diverse groups are the Gymnosperms,
with 3 families, 4 genera and 12 species; and Pteridophytes, with 4 families, 6 gen-
era and 11 species. The floristic composition of the area shows the dominance of
Angiosperms and a 5:1 ratio of Dicots to Monocots which is typical of Iranian and
Middle Asian floras. Totally, 52 Bryophyte species have been recorded from
Khorassan province, mainly from wet places in the western KK, comprising 11.9%
of the Iranian Bryoflora (Akhani and Kiirschner 2004).

The largest families are the Asteraceae (426 species or infraspecific taxa),
Fabaceae (290), Poaceae (196), Brassicaceae (177), Apiaceae (136), Caryophyllaceae
(125), Chenopodiaceae (107), and Lamiaceae (102). Thirteen families, each with
more than 40 species, comprise 71.5% of the flora. The richest families in the num-
ber of genera are Asteraceae, Poaceae, Apiaceae, and Brassicaceae, with 99, 77, 69
and 64 genera, respectively (Table 3.1).

The largest genera in the flora of the KK are Astragalus (Fabaceae; 158 species)
and Cousinia (Asteraceae; 108), Allium (Amaryllidaceae; 42), Euphorbia
(Euphorbiaceae; 31), Silene (Caryophyllaceae; 31), Alyssum (Brassicaceae; 28),
Acantholimon (Plumbaginaceae; 26), Acanthophyllum (Caryophyllaceae; 26),
Trigonella (Fabaceae; 23), Vicia (Fabaceae; 22) and Veronica (Plantaginaceae; 21)

Table 3.1 The  largest Family Species | Genera

fﬁreng:;z g; t\g;s;(ul?r plants in Asteraceae 426 99
Fabaceae 290 27
Poaceae 196 77
Brassicaceae 177 64
Apiaceae 136 69

Caryophyllaceae | 125 23
Chenopodiaceae | 107 37

Lamiaceae 102 30
Boraginaceae 80 23
Rosaceae 71 16
Amaryllidaceae 46 3
Polygonaceae 44

Ranunculaceae 42 12

99 other families | 734 215
Total 2576 702
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are among the other polymorphic genera (Table 3.2). In all, 1110 species belonging
to 592 monotypic and oligotypic genera (with <5 species) comprise 43% of the
flora. Nikitinia (Asteraceae) was considered as the only endemic genus within the
area before it has been reduced as a section within Klasea (Martins and Hellwig
2005). Diaphanoptera (Caryophyllaceae) and Sclerorrhachis (Asteraceae) are two
subendemic genera in the flora of the KK.

3.4.2 Phytogeography

As a separate floristic province within the IT region, the KK is located at the cross-
road between different areas and provinces of the IT region and the Hyrcanian prov-
ince of the ES region. The geographic position of the area has led to a unique
mixture of elements from the surrounding areas and the presence of many wide-
spread, wide-ranging elements. Simultaneously, the core IT species and many local
and narrowly distributed endemic species have produced a biogeographically dis-
tinctive area. Memariani et al. (2016a) distinguished 28 distribution patterns for the
KK flora classified in five main categories, namely Widespread, Tri-regional,
Bi-regional, ES and IT elements (Table 3.3).

The relatively wide extent of the area and the diversity of different habitats have
made suitable conditions for many ruderal plants and weeds as well as hygrophilous
and aquatic plants. About 295 widespread species comprise 11.4% of the KK flora,
including Pluri-regional (PL), cultivated, sub-cosmopolitan (SCO), and cosmopoli-
tan (COS) elements.

The wide-range Tri-regional species make up to 7.5% of the KK flora. They
occur concurrently in the IT and two other adjacent regions of the ES, M, and/or the
SS regions. Three patterns can be distinguished in this category including IT-ES-M,
IT-M-SS, and IT-ES-SS. The IT-ES-M is the main pattern of the Tri-regional ele-
ments with 173 species (6.8%). Bi-regional species (14.3%) show four different

Table 3.2 The largest genera of vascular plants in the flora of KK

Genera Species no. | Endemism (%) | Genera Species No. | Endemism (%)
Astragalus 158 44 Gagea 20 10
Cousinia 107 59 Scorzonera 20 0
Allium 42 36 Scrophularia | 20 25
Euphorbia 31 13 Taraxacum 20 5
Silene 31 16 Bromus 19 5
Alyssum 28 0 Artemisia 18 11
Acantholimon 26 54 Polygonum 17 0
Acanthophyllum | 26 23 Centaurea 16 12
Trigonella 23 22 Onobrychis | 15 20
Vicia 22 5 Echinops 15 0
Veronica 21 14 Valerianella | 15 0
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Table 3.3 Numbers and proportions of plant species in different phytogeographical groups in the
flora of the KK (Memariani et al. 2016a). (For abbreviations, please refer to the text)

Phytogeographical groups Taxa no. Taxa (%)
Widespread PL 215 8.3
SCO 41 1.6
Cultivated 20 0.8
COS 19 0.7
(Total) (295) (11.4)
Tri-regional IT- ES-M 173 6.7
IT- M- SS 19 0.7
IT- ES- SS 2 0.1
(Total) (194) (7.5)
Bi-regional IT-M 175 6.8
IT- ES 136 5.3
IT- SS 38 1.5
ES-M 18 0.7
(Total) (367) (14.3)
Euro-Siberian (ES) ES B 28 1.1
ES 1Y 15 0.6
ES 8 0.3
(Total) (51) (2.0)
Irano-Turanian (IT) IT KK 356 13.8
IT¢ 331 12.8
IT or I'To™" 261 10.1
IT C&E 220 8.5
ITV&C 110 44
IT KK-E 96 3.7
IT KK-Alborz 87 3.4
[T KK-Afeh. 83 32
IT Aralo-Caspian 37 1 4
IT Cauc.-Turk. 30 ] .2
ITE 25 1.0
IT Cauc.-Alborz 15 06
IT Alborz 15 0.6
ITv 3 0.1
(Total) (1669) (64.8)
Whole KK flora 2576 100.0

distribution patterns among which the IT-M and IT-ES are the main ones with 175
(6.8%) and 136 (5.3%) species, respectively.

In the western and southwestern parts of the KK, mainly in wet valleys of the
Ghorkhod Protected Area (just east of the Golestan National Park) and the western
Aladagh mountains (Darkesh and Jowzak forests), some isolated Hyrcanian relict
forests have loosely affected the phytogeographical spectrum of the area by their ES
elements of up to 2%. Actually, some Euxino-Hyrcanian, Hyrcanian, and a few
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omni- ES species occur in wet valleys of the KK at the easternmost extremes of their
distribution range (Memariani et al. 2016c).

The IT elements (1669 species, 64.8%) constitute a considerable proportion of
the flora of the KK. Based on the delimitation of the IT chorotypes proposed by
Akhani (1998) and Memariani et al. (2016a), several distribution patterns can be
distinguished in this group. A significant number of the IT species, i.e. 356 species
(14%), are local or narrowly endemic species that do not occur outside the defined
boundaries of the KK. The endemic KK pattern (IT¥X) is followed by the Central
(IT®) and overall IT/IT°™ groups with 331 (13%) and 261 (10%) species, respec-
tively. The foothills and mountains of the KK represent the northern limits of many
Central IT elements. The eastern and/or western range of those species occurring
either widely in the whole IT region, the Central-Eastern IT (220 species) and/or
Western-Central IT (110 species) are connected in the KK mountains. These five
chorotypes (i.e. ITXK, ITC, IT/ITO™, ITE, and ITV4C) constitute about 50% of the
KK flora which reflect the relative importance of local endemism and the central
areas of IT region in the phytogeography of the KK.

Moreover, the KK flora shows a remarkable phytogeographical link to the adja-
cent Middle Asian, Alborz, Afghan, and Caucasian mountain ranges. Several
Eastern IT species (mainly the Middle/Central Asian) have a disjunct distribution in
KK or show a connected pattern running through Afghanistan (i.e. IT**E and ITF,
totally with 121 species). A number of these plant species have been discovered and
recorded for the flora of Iran during the last 15 years (Aydani et al. 2006; Joharchi
and Akhani 2006; Memariani et al. 2007; Fritsch and Maroofi 2010; Memariani and
Arjmandi 2013; Joharchi and Nejati 2015; Memariani et al. 2016¢; Arjmandi et al.
2016; Nasseh and Joharchi 2019; Behroozian et al. 2019) and this demonstrates the
role of the KK mountains as a refuge for the Middle/Central Asian flora. There are
also several species occurring mainly in the KK mountainous areas, and further
west in the eastern Alborz and sometimes even into the central and western Alborz
(i.e. ITRKAoz 87 gpecies) as well as in KK and slightly eastward to the western and
north-central parts of Afghanistan (i.e. ITXK-A%" 83 gpecies). Several species occur
mainly from the Caucasian mountains through the Alborz to the KK or occur in the
Caucasus/Alborz/Zagros with few disjunct locations in the KK (i.e. ITCwe-Tok
[T Cave-Alborz - TpAlborz - and [TV, totally with 63 species). Although KK is mainly a
mountainous area, there are several halophytes and some psammophyte elements of
the Turanian deserts (i.e. ITAmlo-Caspian = 377 gpecies) in the vast plains and foothills
between the mountain systems of the area. These elements sometimes penetrate
further south to the central Iranian deserts.
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3.5 Endemism

An inventory and appraisal of the whole endemic flora of the KK generated an
updated checklist of 356 local or narrow endemics; 178 (50%) of these are endemic
to Iran, 59 (16.6%) are endemic to Turkmenistan, and 119 (33.4%) are common
between the two countries (Memariani et al. 2016b). The level of endemism in the
KK flora is about 14% which is higher than the average in the mountains of the
Central Asia (Sennikov 2016). Most of the KK endemic species occur in montane
steppe communities from the mid-mountain belt to the subalpine zone, but a consid-
erable number (ca. 20%) of the endemic and sub-endemic species belong to the
unique foothill and lowland habitats such as calcareous, serpentine and gypsum
ecosystems (Kurbanov 1994; Memariani 2018).

The endemic vascular plants of the KK belong to 112 genera and 36 families.
The Dicots with 324 taxa (91%) and 29 families are the most diverse endemics in
the area. Only 32 (9%) taxa and 7 families belong to the Monocots. There are no
endemic Gymnosperms and Pteridophytes in the area. Asteraceae and Fabaceae are
the richest families with 105 (30%) and 95 (27%) endemics, respectively. Like in
other areas of the IT region, the genera Astragalus (69 species) and Cousinia (66
species) show the highest number of endemics in the KK followed by Allium (15
species) and Acantholimon (14 species). Hemicryptophytes (231 taxa, 65%) are the
dominant life-form of the endemics which perhaps reflects that the endemics are
well adapted to the cold semi-arid climate of the mountainous island of the KK. The
next groups are chamaephytes (61 taxa, 17%), geophytes (36 taxa, 10%), thero-
phytes (18 taxa, 5%) and phanerophytes (10 taxa, 3%).

Considering the five geographical zones of the area, the central part of the KK
comprises a higher number (227 taxa) of endemic species, but there are fewer
endemics in the southern parts (59 taxa) than in the northwestern parts (65 taxa;
Table 3.4). A total of 188 taxa (52.8%) are exclusively distributed in each one of the
main geographical zones i.e. northwestern, western, central, eastern or southern
parts. The other taxa have a common distribution range in two or more zones.

The species turnover map (beta diversity) reveals that four main areas have the
highest magnitude of change in endemic composition among the surrounding areas;
they are located in the central, eastern, western and northwestern areas, respectively
(Fig. 3.3). The relatively vast area in the central KK with a higher species turnover
(beta diversity) reveals the great rate of its compositional dissimilarity in endemics
of all geographical zones of the KK.

Table 3.4 The number of endemic species of the KK present in the different geographical zones
of the KK
Geographical zone NW w C E S
Number of KK endemics 65 116 227 144 59
Proportion of total KK endemics 18.3% 32.6% 63.9% 40.6% 16.6%
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Fig. 3.3 Map of beta diversity (Whittaker’s species turnover values) of endemic plants in 15" grid
cell areas of the KK (Memariani et al. 2016b)

3.6 Major Vegetation Types

Despite the uniform and relatively dry climatic conditions throughout the KK, the
complicated topography and high habitat heterogeneity as well as a long vegetation
history allowed the development of diverse vegetation types in the area. The spatial
structure of the vegetation in many areas of the KK is very complex, and the bound-
aries between mountain belts are not distinct. Moreover, there are very few compre-
hensive surveys on the classification of the vegetation in the area. However, several
vegetation types in natural and semi-natural environments of the area have been
distinguished (Memariani et al. 2016a):

3.6.1 Isolated and Relict Hyrcanian Montane Forests
and Shrublands

In western parts of the KK (western Aladagh range in Darkesh and Jowzak area),
about 80 km away from the easternmost limit of Hyrcanian forests in the Golestan
National Park, some enclaves of the Hyrcanian montane forests and scrubs consist-
ing mainly of Quercus castaneifolia occur at elevations of 1200-1900 m a.s.l.
(Fig. 3.4a). Due to the rocky and steep slopes of the northern hillsides and valleys
of the area, Q. castaneifolia is often growing as short trees and shrubs. There are
also some rather pure forests of Carpinus orientalis along the wet northern valleys
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Fig. 3.4 The representative forests, woodlands, and shrublands in the KK mountains. (a) Relict
Hyrcanian oak forest (Quercus castaneifolia) in the western Aladagh mountains; (b) Open Acer
monspessulanum-Crataegus spp. shrubland in the western KK; (¢) Juniperus polycarpos wood-
land and adjacent Artemisia kopetdaghensis mountain steppe in the Ghorkhod Protected Area; (d)
Juniperus communis scrub on northern slopes of Ghorkhod Mt.; (e) Pistacia vera woodland in the
Jangal-e Khajeh Protected Area, the eastern KK; (f) Cercis griffithii open scrub in the Arghavan
valley, Binalood mountains

of the Ghorkhod Protected area. Acer cappadocicum, Mespilus germanica, Prunus
divaricata, Euonymus velutina, Pyrus boissieriana, Cornus sanguinea subsp. aus-
tralis and some Crataegus species are the main tree and shrub species in this vegeta-
tion type.
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3.6.2 Juniperus Woodlands

Juniperus polycarpos var. turcomanica woodlands dominate a vast area in the mid-
dle to high mountains of the KK and extend from the northwestern Kopet Dagh to
eastern Khorassan in the Bardu and Bezd mountains in Torbat-e Jam. The altitudinal
range of these woodlands varies from 850 m a.s.l. in the Raz and Jargalan region up
to 2400 m a.s.l. on Ghorkhod Mt. These woodlands have disappeared or have been
damaged at many lower, accessible areas by the human. In the NW Kopet Dagh
(Turkmenistan), single juniper trees may be found at altitudes of 200-300 m a.s.l.
(Fet 1994a). However, well-developed Juniperus woodlands can be seen in some
protected areas, such as the eastern parts of the Golestan National Park, Salook
National Park, Sarani Protected Area, Kopet Dagh Nature Reserve (Turkmenistan),
Tandooreh National Park, and the Ors-e Sistan (Hezar-Masjed) Protected Area.
Very dense old-growth stands of Juniperus polycarpos occur in the Ghorkhod
Protected Area (Fig. 3.4c) and the Golestan National Park (Memariani et al. 2016c¢).
Very diverse woody and herbaceous species accompany these woodlands. Open
juniper woodlands in the middle and higher belts intermix with Paliurus spina-
christi and Acer monspessulanum scrub, Artemisia communities and mountain
thorn-cushion steppes.

Juniperus communis and J. sabina scrubs form carpet-like vegetation patches on
exposed rocks in subalpine areas of the western KK, especially on the northern
slopes of the Aladagh, Ghorkhod and on the top of several mountains in the Golestan
National Park at altitudes from 1600 to 2600 m a.s.l. (Fig. 3.4d). However, towards
the east these occur mostly as individual shrubs or in small patches that do not form
actual communities except for the rocky northern slopes of Ghorkhod Mt. On the
rocky lower slopes of these mountain areas, J. communis may cover the understory
of Carpinus orientalis scrub.

3.6.3 Pistacia vera Woodlands

The isolated xerophilic stands of the wild pistachio (Pistacia vera), classified as
subtropical semi-savanna, occur between altitudes 800 and 1200 m a.s.l. from the
western to eastern Kopet Dagh and also in adjacent areas of the Paropamisus foot-
hills in the Badghys, Pulikhatum and Kushka forest reserves, which cover a total of
75,000 ha (Zlotin 1994; Khanazarov et al. 2009). Well-developed woodlands of
P. vera (Fig. 3.4e), with a surface area of 17,500 ha, are located in the Jangal-e
Khajeh Protected Area adjacent to the Turkmenistan border in the eastern Kopet
Dagh (Karimi et al. 2009). The only remaining populations of P. vera in the western
KK are located in the Qazanqayeh forest reserve (7000 ha), in the east of the
Maraveh Tappeh (Golestan province). Very scattered wild pistachio woodlands can
be seen in the central Kopet Dagh, in the Kuruhaudan area of Turkmenistan
(Kamakhina 1994) and the Polgerd and Daregaz area of Iran. Due to the low
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precipitation and high maximum temperature, the understory layer is mainly cov-
ered by winter and early-spring ephemeroids, including grasses such as Poa bulbosa
L. and the sedge Carex pachystylis J.Gay (Popov 1994). The wild pistachio wood-
lands provide valuable genetic resources for P. vera which is grown commercially
worldwide for its nuts, and Iran is the major pistachio producer in the world.

3.6.4 Open Mesophilic Shrublands

There is a suitable microclimate along the moist valleys of the KK mountains for
shrubland vegetation types. These open mesophilic shrublands have different spe-
cies composition depending on the altitude and slope aspect. Acer monspessulanum
subsp. turcumanicum is the main endemic component of these plant communities in
the west to east-central KK, along with Coroneaster, Crataegus, Lonicera and
Prunus species (Fig. 3.4b). The successional scrubs of Paliurus spina-christi grow
in valleys and along seasonal rivers and streams of the northwest and western KK. In
the mesic conditions of the western Aladagh and Ghorkhod ranges, the understory
of these open shrublands and scrubs (Sibljak communities) is enriched by many KK
endemics and also by Hyrcanian and ES species. These communities are accompa-
nied by other shrubby species, such as Jasminum fruticans, Rhamnus pallasii, Rubia
florida, and Colutea porphyrogramma. Along permanent rivers, especially in the
western KK, there are usually narrow strips of mountain riparian communities com-
posed of Juglans regia and Platanus orientalis (mainly cultivated), Cornus san-
guinea subsp. australis, Fraxinus angustifolia, Lonicera floribunda, Prunus
divaricata, and Rubus sanctus. The understory layer is mainly covered by meso-
philic herbaceous species. In some parts of the Binalood Mountains, mainly in the
Arghavan valley, there is a Mediterranean type of open scrub formed by Cercis
griffithii (Fig. 3.4f).

3.6.5 Montane Steppe Shrublands

Well-developed and very diverse mountain steppes form the main formations in the
mid-mountain belt above the semi-desert Stipa-Artemisia steppe. These are mainly
thorn-cushion communities and grassy mountain steppes, or combinations, with
scarce shrubs depending on altitude, humidity, soil type and degree of disturbance.
Astragalus verus is usually the most dominant species of these habitats. Well-
developed Elymus hispidus grassland covers higher mountains in some areas, where
scattered Acer or Crataegus shrubs can also be seen (Fig. 3.5d). Montane steppe
shrublands are highly enriched by many diverse and endemic plants, such as species
from the genera Astragalus, Cousinia, Allium, Euphorbia, Silene and Alyssum
which may form some unique plant communities or intermix and make patches
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Fig. 3.5 Some representative mountain steppes, foothill and plain vegetation in the KK. (a)
Thorn-cushion vegetation in subalpine areas near the summit of the Binalood; (b) A typical cliff
vegetation with dominant Gypsophila aretoides in the Aladagh mountains; (¢) Stipa-Artemisia
steppe in northern foothills of the Binalood mountains; (d) Elymus hispidus grassland in the
Ghorkhod Protected Area; (e) Colutea gifana (Critically Endangered) with Klasea leptoclada
(Endangered) in the background (arrows) on calcareous/marl hills of the western KK in North
Khorassan; (f) Tamarix scrub community along the Abghad river in northern plains of the
Binalood range
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within other vegetation types in mountainous areas, as in Juniperus woodlands and
open shrublands.

3.6.6 Subalpine Thorn-Cushions

These mountains are not so high to support high alpine habitats but the subalpine
vegetation types are well-developed in high elevations. These habitats are mostly
covered by thorn-cushion formations which usually composed of Onobrychis cor-
nuta, Acantholimon, and Acanthophyllum species and tragacanthic Astragalus.
Grassy steppes, mainly composed of Festuca valesiaca Gaudin and Stipa species,
have developed in protected areas. In some parts, these communities are mixed with
tall umbelliferous communities that are dominated by Ferula, Ferulago and Prangos
species (Fig. 3.5a).

3.6.7 Stipa-Artemisia Steppes (Semi-desert Steppes)

Stipa-Artemisia communities are among the main vegetation types of the area,
occupying lower plains and foothills and forming pure steppe or mixed communi-
ties (Fig. 3.5¢) depending on elevation, erosion, precipitation and soil salinity.
Several Artemisia species make shrub steppes, such as A. inculta (=A. sieberi) in
lower plains, or A. ciniformis and A. kopetdaghensis in foothills and mid-mountains
(Fig. 3.4c). These communities include relatively diverse annuals and they form
different associations in the area. The mid-mountain Stipa-Artemisia communities
are intermixed and co-dominated by several grasses of mountain steppes, especially
Festuca valesiaca and Stipa spp. or with dwarf shrubs such as Ephedra intermedia
and Hymenocrater species (Fet 1994a).

3.6.8 Chasmophytic Vegetation

Steep rocky slopes and walls in valleys and canyons provide suitable, inaccessible
habitats for the diversification of many chasmophytic species in the area. Although
plant associations in these habitats have not been well documented, they are identi-
fied by several characteristic species, such as Dielsiocharis kotschyi, Dionysia tape-
todes, Graellsia integrifolia, Gypsophila aretioides (Fig. 3.5b), Parietaria judaica,
Rosularia subspicata, and Scrophularia variegata. At lower altitudes in the western
part of the KK, cliff vegetation is usually associated with C4 grasses (Akhani and
Ziegler 2002; Memariani et al. 2016c¢).
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3.6.9 Edaphic Vegetation on Serpentine, Calcareous
and Gypsum Soils

Various types of marl, gypsum, serpentine, and calcareous formations dating from
the Oligocene to Cretaceous substrates, occur in the KK (Afshar-Harb 1994). The
vast foothill areas of the west-central KK in North Khorassan Province are covered
by marl hills and calcareous formations with a flora much more differentiated than
in adjacent areas (Fig. 3.5e). The ophiolitic rocks have produced serpentine soils in
vast areas of the Sabzevar and Kashmar-Torbat ranges. There are also several veins
of gypsum hills in these ranges, especially in Robat-e Sefid. The vegetation on such
hills is very sparse and poor in species. The carbonate-rich soils, the serpentine and
gypsum, the very dry substrate, and the lack of organic material represent stressful
conditions for many plant species. Therefore, highly specialized xerophilous spe-
cies grow on such soils. These habitats are well known for having local edaphic
endemics (Rechinger 1989; Eftekhari et al. 2002; Memariani 2018).

3.6.10 Halophytic Vegetation

Vast areas of the main plains between the mountain systems of the KK and also
along with salt and brackish springs and seasonal saline streams are covered by
saline soils and inhabited by diverse halophytic communities. The main halophytic
vegetation types are the riparian Tamarix scrub communities along with the sea-
sonal or permanent saline and brackish rivers and streams (Fig. 3.5f), plus
Phragmites australis, and C4-dominated annual halophytic vegetation in ruderal
and saline wastelands, and shrubby halophytic and Haloxylon ammodendron com-
munities. Shrubby halophytic communities are formed mostly by Anabasis aphylla,
Halocnemum strobilaceum, and Salsola arbusculiformis.

3.6.11 Psammophyte Vegetation

The peripheral plains of the KK have been penetrated by sand-desert elements,
mainly on fixed sandy soils or sand-clay alluvial plains. These are mainly communi-
ties of Haloxylon ammodendron. They form on fixed sands — or are cultivated in
some areas, especially around Sabzevar and Sarakhs towards Taybad. Other woody
species are rare in these communities except for Ephedra strobilacea and Astragalus
bazarganii, but the community is relatively rich in herbaceous ephemeroid plants,
especially in early spring with higher precipitation. These include Carex physodes,
Eminium lehmannii, Iris longiscapa, Tulipa lehmanniana, and Ungernia trisphaera.
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3.6.12 Agquatic, Riverine and Hygrophilous Communities

Several aquatic and hygrophilous vegetation types occur within and around tempo-
rary and permanent water resources, such as springs, streams, rivers, waterfalls and
small lakes. The plant diversity around Bazangan Lake, the largest permanent lake
in the area, has been documented by Gholami et al. (2006). Some of the main spe-
cies of these communities, formed mainly along freshwater streams, are Cyperus
longus, Epilobium hirsutum, Eupatorium cannabinum, Lythrum salicaria, Mentha
longifolia, Phragmites australis, Typha latifolia, Veronica anagallis-aquatica, and
Juncus, Carex, Salix and Populus species.

3.6.13 Alien and Ruderal Communities

Intensive human activities have affected the natural vegetation of the area during the
last century. Many alien, weedy and ruderal species have colonized the disturbed
vegetation types in urbanized and grazed areas, roadsides and cultivated lands.
Ailanthus altissima, a fast-growing exotic tree, has invaded the riparian vegetation
of the Tandooreh National Park.

3.7 Conservation

In recent decades, the increase in the human population, urbanization, and industri-
alization caused extensive degradation in the natural ecosystems and the biodiver-
sity of the KK. Overgrazing and over-exploitation are among the main disturbance
factors. Since the last century, the unique Juniperus woodlands of the KK have been
damaged because of the gathering of firewood and the cutting of timber, except in
inaccessible or protected areas. Vast Pistacia vera woodlands have been over-
exploited for nut and resin production (Zlotin 1994) or through overgrazing (Popov
1994). Habitat loss and continuing aridification of the area threaten its unique plant
biodiversity through the extinction of several narrow endemics as well as many
mesophilic and regionally rare species inhabiting moist valleys of the western
KK. While several areas are currently under protection, the woodland habitats con-
tinue to experience heavy logging and over-grazing, and enforcement is not always
adequate to promote forest regeneration (Atamuradov et al. 1999). About 1.3 mil-
lion ha of the KK and surrounding transition zones (ca. 8% of its surface area) are
officially protected under different protection schemes. Among the 38 designated
protected regions in the area, 4 are National Parks, 20 Protected Areas, 5 Wildlife
Refuges, and 6 Natural Monuments in Iran and 3 are Nature Reserves in Turkmenistan
(Memariani et al. 2016a). However, most of these areas have been managed only for
the last 15 years, and their natural habitats have been moderately degraded and
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experienced a disturbance history. Only a few areas have a history of more than
30 years of protection, for example, the Golestan and Tandooreh National Parks, the
Ghorkhod and Sarani Protected Areas, and the Miandasht and Khosh Yeilaq wildlife
refuges, all in Iran. Many important plant areas, such as the relict Quercus castane-
ifolia montane forests in the western Aladagh, the floristically rich valleys on the
northern slopes of the Salook and Binalood mountains, and several fragile ecosys-
tems and vegetation types of the area, particularly the edaphic vegetation on serpen-
tine, calcareous and gypsum soils, are not under legal protection. Plant biodiversity
and ecosystems in the area need more effective in situ conservation through the
establishment of protected areas and taking into account the distribution of vegeta-
tion types and centers of plant diversity and hot spots for threatened flora.

Memariani et al. (2016b) prepared the Red-List of the endemic flora of the KK
(see some examples in the Fig. 3.6) and revealed that a total of 200 (56%) endemic
taxa are globally Threatened including Critically Endangered (CR), Endangered
(EN), and Vulnerable (VU) taxa (Table 3.5). Moreover, 32 taxa (9%) that were con-
sidered to be Near Threatened (NT) are likely to be qualified for a threatened cate-
gory in the near future (IUCN 2011). Only 29 widespread and abundant endemic
taxa have been evaluated as Least Concern (LC) which means a low risk of extinc-
tion. Two endemic species, Cousinia oreoxerophila and Dionysia kossinskyi are
estimated to be extinct (EX) in the KK (Kamakhina 1994). A considerable number
of endemic taxa (26.1%) in the KK are categorized as DD because of inadequate
information on their taxonomy and/or distribution for Red Listing.

The endemic taxa under extremely high (CR), very high (EN) and high (VU) risk
of extinction, and also the centers of endemism are priority targets for conservation
actions. There are well-established protected areas in many endemic hotspots of the
area partly supporting in situ conservation of main populations of several threatened
species; for example the Tandooreh National Park, Sarani Protected Area, Dorbadam
P.A., Sarigol P.A. (Iran) and the Kopet Dagh Nature Reserve (Turkmenistan) in the
central KK; Hezar-Masjed P.A. in the eastern KK; Golestan N.P. and the Ghorkhod
P.A. in western KK; and the Syunt-Khasardag N.R. (Turkmenistan) in the north-
western KK. However, several areas with a high endemic richness or endemic dis-
tinctiveness are not officially protected such as eastern parts of the Binalood range,
the Aladagh range and northern slopes of the Salook Mt. Almost all populations of
endemic taxa outside the protected areas are severely subjected to one or more
threatening factors, mainly habitat loss through over-grazing, agricultural activities,
road constructions, expansion of human settlements and industrial areas. Range loss
can lead to the global extinction of many of these endemic plants. Recently, some
efforts have been initiated for the conservation of endemic and threatened plant spe-
cies of the KK (Nadjafi et al. 2006; Kiani et al. 2010, 2013). However, more work
is needed for ex situ conservation of these prioritized taxa using seed banking, in
vitro propagation and cultivation in botanical gardens.
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Fig. 3.6 Selected Red-Listed plant species endemic to the KK. (a) Allium aladaghense, an endan-
gered species and endemic to the Aladagh, Salook, and the Ghorkhod Mt. in the western KK
(Memariani et al. 2012); (b) Iris ferdowsii, an endangered and endemic species in the Hezar-
Masjed mountain range in the east-central KK (Memariani and Joharchi 2017); (¢) Astragalus
fuhsii, a vulnerable species endemic to the western Kopet Dagh and Binalood ranges; (d)
Hedysarum monophyllum, a vulnerable species and endemic to gypsum and marl hills in the west-
central KK; (e) Cousinia edmondsonii, a critically endangered species known only from the sum-
mit of Ghorkhod Mt. in the western KK; (f) Psephellus galactochrous, an endangered and endemic
species to calcareous foothills in the west-central KK; (g) Diaphanoptera stenocalycina, an endan-
gered species endemic to the saline plains the south of Ghorkhod and Aladagh ranges in the west-
ern KK; (h) Veronica khorassanica, a Near Threatened endemic plant widely distributed from the
west to the east of the KK mountains
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Table 3.5 Red List categories for the KK endemic flora
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Number of
Species
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